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5 Related Applications 

This application claims the benefit of priority of U.S. provisional application serial 
number US60/541,443, filed February 3, 2004, tlie entire contents of which is incorporated 
by reference herein. 
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Field of the Invention 

The present invention is directed to analogs of baicalein which exhibit anti-P- 
1 5 glycoprotein activity and methods of enhancing the bioavailability of active compounds, 
especially orally administered compounds, by inhibition of P-glycoprotein 170 (P-gp 170) 
and/or CYP450 enzyme, especially CYP450 3A4 enzyme. Pharmaceutical compositions 
based upon fliese novel derivatives according to die present invention are also described 
herein. 

20 

Background of the Invention 

P-glycoprotein 170 (P-gp 170), a member of the ABC (ATP Binding Cassette) family, 
acts as an ATP-dependent drug efflux pump, preventing intracellular accumulation of 

25 miscellaneous dmgs.^*^ Overexpression of this protein is one of the mechanisms of multidrug 
resistance (MDR) of cancer cells. This protein is expressed in a cell- and tissue-specific 
manner, with high levels detectable in the kidney, liver, blood-brain barrier and lining of the 
intestine.^ Studies using mdrl knockout mice and P-gp 170 tissue distribution in humans 
suggested several physiological roles of P-gp 170, including protection against toxic 

30 xenobiotics by blocking absorption by intestine; excretion of chemicals into bile duct or 
kidney tubule; prevention of chemicals taken into the brain through the blood-brain barrier; 
and efflux of steroid hormones and cholesterol from fesces.^"**^ Developing drugs to inhibit P- 
gp 170 activity is an important area of drug discovery. Such drugs could have use in 
facilitating the oral absorption of drugs through intestine, or the uptake of chemicals that are 

35 substrates of P-gp, into the brain. In addition, these compounds could also potentate the 
action of antitumor drugs, which are substrates of P-gp 170 in cancer cells that overexpress 
the P-gp 170 protein. 
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A large number of compounds with major structural differences have been found to 
act as inhibitors or substrates of P-gp 170: these include verapamil (VRM), a calcium channel 
antagonist; trifluoperazine, a calmodulin inhibitor; cyclosporin A (CSA), an 

5 immunosuppressant and progesterone, a steroid hormone. Verapamil has been examined 
clinically in combination with cancer chemotherapy.^'^ However, the results were rather 
unsatisfactory due to high plasma dmg levels, required to effectively reverse the MDR 
phenotype of cancer cells, which could cause cardiac toxicity. Compounds with higher 
potency against, and selectivity for, P-gp 170 are needed. A second generation of MDR 

10 reversal agents has emerged, and is based on the chemical modification of the first generation 
of inhibitors. Among these, dexniguldipine^ and dexverapamil^ were found to be more 
selective against P-gp 170, but they did not display improved potency. The 
acridonecarboxamide derivative GF120918 (GG918)^° and the cyclosporin A analog 
PSC833" both displayed an activity that was 10-30 times more potent than the first 

15 generation of modulators, such as verapamil, tamoxifen and cyclosporin A.'^ A number of 
these compounds are currently under clinical evaluation. 

Flavonoids are an important class of natural products found in plants. With its 
polyphenolic structure, this class of compounds has multiple actions, including interaction 
20 with estrogen receptor, firee-radical scavenger, protein kinase inhibitor, NF-B inhibitor, P-gp 
170 inhibitor, among others. The biological activity found in herbal preparations is often 
attributed to its flavonoids. For example, tiie co-administration of grapefruit juice with 
various drugs has led to an increase in the plasma concentration of the drugs, which was 
attributed to the bioflavonoids found in the grapefruit juice. ^'^'^^ 

25 

Flavonoids have also been shown to act on multiple targets with different specificity. 
For example, the flavonoid that binds to estrogen receptor requires hydroxyl groups at 
positions 2 and 3 of the B-ring, a double bond at positions 2-3 of the C-ring, and the absence 
of any hydrophobic prenylated substituent.*^ This is markedly different than the flavonoids 
30 that inhibit various ATPases or protein kinases. Recognition of flie ATP binding pocket of 
these proteins requires the presence of three hydroxyl groups at positions 5 and 7 on the A- 
ring and position 3 of the C-ring, which favors some flavonols.^^ Moreover, some protein 
kinases exhibit different structural requirements for binding: an isoflavone structure has been 
demonstrated to inhibit tyrosine kinase activity/^ and a flavone substituted at position 8 of A- 
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ring with 4-(3 -hydroxy- 1- methylpiperidinyl) group has demonstrated activity against 
CDK2.^^ The inhibition of P-gp 170 by flavonoids has also been investigated and two binding 
modes have been postulated. The studies were performed using a truncated form of P-gp 170 
in a membrane preparation from P-gp 170 overexpressing cells. The structural requirements 

5 for flavonoid activity have recently been summarized^*^, and it appears that different classes 
of flavonoids have different structural requirements for inhibitory activity against P-gp 170. 

In our previous study, we found that Radix Scutellariae (Scute), a well-known Chinese 
herb, has inhibitory activity against P-gp 170. The active component of the Scute herb was 
found to be the natural product baicalein. However, the 7-glucuronosyl form of baicalein, 

10 which is the most abundant component of Scute, did not show anti-P-gp 170 activity. Other 
abundant Scute components, such as wogonoside and wogonin, were also found to lack 
inhibitory activity against P-gp 170 efflux action. Since baicalein (a 5,6,7-trihydroxyflavone) 
and wogonin (a 5,7-dihydroxy-8-methoxyflavone) have a very similar structure, this raised 
the possibility of an interesting structure-activity relationship of the flavone natural products 

1 5 for P-gp 1 70 inhibition. 

In this study, we synthesized and evaluated a series of baicalein analogs, focusing on 
the substitution pattern at positions 5, 6, 7 and 8 of the A-ring.. The results of this 
substitution show that alkoxyl groups on the A-ring of the flavone greatly increase the anti-P- 
20 gp 170 activity and alter their selectivity for the efflux pump. 

Objects of the Invention 

It is an object of the invention to provide novel compounds which can be used to 
25 inhibit P-gp 170 and/or CYP450 in order to enhance the bioavailability of co-administered 
active agents. 

It is an additional object of the invention to provide pharmaceutical compositions 
which comprise one or more compounds according to the invention and a phaimaceutically 
30 acceptable carrier, additive or excipient, optionally in combination with a bioactive agent the 
in vivo activity of which is diminished by P-gp 170 protein and/or GYP 450 enzyme. 

It is yet another object of the invention to provide a method for enhancing the 
bioavailability of an active agent, the in vivo activity of which is diminished by the action of 
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P-gp 170 protein and/or CYP 450 enzyme comprising co-administering an effective amount 
of one or more compounds according to the present in combination with a bioactive agent. 

It is still another object of the invention to provide methods for inhibiting P-gp 170 
protein or CYP 450 enzyme in patients. 

These and/or other objects of the invention may be readily gleaned from a reading of 
the description of the invention which follows. 

Brief Description of the Figures 

Figure 1 provides a general chemical synthetic scheme for the synthesis of 

compounds according the present invention. The legend is as follows: 

^ Reagents and conditions: (a) AcaO, pyridine, rt; (b) TMSCHN2, THF:MeOH (2:1), rt; (c) 
K2CO3, BnBr, acetone, reflux; (d) NBS, THF, cone H2SO4, rt; (e) PhaCCh, 170 "^C; (f) 
K2CO3, KI, BnBr, acetone, reflux; , (g) CS2CO3, BrCH2Cl, DMF, 50 ^C; (h) K2CO3, 
CH3(CH2)nX (X=I or Br, n=l for 32, 33, n=2 for 17, 18, n=3 for 45, n=4 for 40, n=5 for 42, 
n=7 for 34), acetone, reflux. 

Figures 2-4 (Tables 1-3) shows the biological activity of compounds according to the 
present invention, including anti-P-gp 170 activity as well as ttie cytotoxicity of the presently 
described compounds. Note that in many instances, compounds according to the present 
invention exhibit relatively low cytotoxicity. The legend for figures 2-4 is as follows: 
^Using ChemDraw ULTRA, version 6.0.1, for l-octanol/water system. *^e anti-P-gp efflux 
activity is represented by intracellular vinblastine accumulation in 1 hr with or without drug 
treatment, see Experimental Section for details. "^Maximum vinblastine accumulation 
(pmoles) of flavones (< 100 pM) treated cells in the 10^ cells in Ihr. ^^ECso calculated as the 
concentration that causes 50% of maximum vinblastine accumulation in the cells in Ihr. 
^Cytotoxicity IC50 calculated as the concentration required for 50% itihibition of cell growth, 
for each respective cell line, after 72 hr of drug exposure. ^Control cells were treated with 
vinblastine only. All values represent the mean ± SD of at least three identical experiments. 
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The present invention relates to compounds according to the formula: 




Where is H, an optionally substituted phenyl or benzyl group, an acyl group, 
preferably a (C2-Ci3)acyl group, a Ci — C20 alkyl or ether group, preferably a (Ci-Ci2)alkyl 
group, a phosphate, diphosphate, triphosphate or phosphodiester group; 

and R^ are each independently H, (Ci-Ci2)alkyl, (C2-Ci3)acyl, or an optionally 
substituted phenyl or benzyl or together form a -OCR^R^O- group wherein each of and R^ 
is independently H, a CrCs alkyl group or an optionally substituted phenyl or benzyl group; 
and 

R^ is H, OH, an O-acyl group, preferably a C2-C13 O-acyl group, a Ci-C4 alkyl or alkoxy 
group, F, CI, Br or I, with the proviso that R^, R^, R^ and R^ are not all H, or a 
pharmaceutically acceptable salt thereof. 

Pharmaceutical compositions according to the present invention comprise an effective 
amount of at least one compound as set forth above, optionally in combination with a 
pharmaceutically acceptable carrier, additive or excipient. Combination therapy 
(pharmaceuticals) comprising an effective amount of one or more of the above compounds in 
combination with an active agent, the activity of which is diminished by the action of P-gp 
170 or CYP450, is a furtlier aspect of the present invention. 

Methods of enhancing the bioavailability or activity of active agents, the activity of 
which is diminished by P-gp 170 or CYP450, and in particular the 3A4 isozyme, comprising 
co-administering an effective amount of a compound according to the formula: 
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Where is H, an optionally substituted phenyl or benzyl group, an acyl group, 
preferably a (C2-Ci3)acyl group, a Ci— C20 alkyl or ether group, preferably a (CrCi2)alkyl 
group, a phosphate, diphosphate, triphosphate or phosphodiester group; 

and R^ are each independently H, (CrCi2)alkyl, (C2-Ci3)acyl, or an optionally 
substituted phenyl or ben2yl or together form a -OCR^R^O- group wherein each of R^ and R' 
is independently H, a C1-C3 alkyl group or an optionally substituted phenyl or ben2yl group; 
and 

R^ is H, OH, an O-acyl group, preferably a C2-C13 O-acyl group, a C1-C4 alkyl or alkoxy 
group, F, CI, Br or I, or a pharmaceutically acceptable salt thereof, in combination with said 
active agent. Metliods of increasing the sensitivity of tumors/cancer to anti-cancer agents is 
another method aspect of the present invention. 

Another aspect of the invention is directed to a method of mhibiting the action of P- 
gp 170 or CYP450 in a patient in need thereof comprising administering to said patient an 
effective amount of a compound according to the formula: 




Where R^ is H, (CrCi2)alkyl, (C2-Ci3)acyl, or an optionally substituted phenyl or 
benzyl group, an acyl group, a Ci — C20 alkyl or ether group, a phosphate, diphosphate, 
triphosphate or phosphodiester group; 
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and R'' are each independently H, (CrCi2)alkyl, (C2-Ci3)acyl, or an optionally 
substituted phenyl or benzyl or together form a -OCR^R^O- group wherein each of R^ and R^ 
is independently H or an optionally substituted phenyl or benzyl group; and 
R^ is H, OH, an O-acyl group, preferably a C2-C13 0-acyl group, a CrC4 alkyl or alkoxy 
5 group, F, CI, Br or I, or a pharmaceutically acceptable salt thereof. 

Another aspect of the invention relates to a method of treating multiple drug resistant 
tumors/cancer in a patient comprising co-administering an amount of a compound according 
to the present invention as described above in combination with aft anti-tumor/anti-cancer 
10 agent. 

Detailed Description of the Invention 
Definitions: 

15 

Unless otherwise indicated, all terms used to describe the present invention, including 
scientific and technical terms, are to be given their conventional meaning as understood by 
those of ordinary skill practiced in the relevant art. 

20 

The term "patient" is used throughout the specification to describe an animal, 
preferably a human, to whom treatment with the compositions according to the present 
invention is provided. For treatment of those infections, conditions or disease states which 
are specific for a specific animal such as a himian patient, the term patient refers to that 
25 specific animal. 

The term "neoplasia" is used throughout the specification to refer to the pathological 
process that results in the formation and growth of a cancerous or malignant neoplasm, i.e., 
abnormal tissue that grows by cellular proliferation, often more rapidly than normal and 

30 continues to grow after the stimuli that initiated the new growth cease. Malignant neoplasms 
show partial or complete lack of structural organization and fiinctional coordination with the 
normal tissue and most invade surrounding tissues, metastasize to several sites, and are likely 
to recur after attempted removal and to cause the death of the patient unless adequately 
treated. As used herein, the term neoplasia is used to describe all cancerous disease states 

35 and embraces or encompasses the pathological process associated with malignant 
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hematogenous, ascitic and solid tumors. Representative cancers include, for example, 
stomach, colon, rectal, liver, pancreatic, lung, breast, cervix uteri, corpus uteri, ovary, 
prostate, testis, bladder, renal, brain/CNS, head and neck, throat, Hodgkin's disease, non- 
Hodgkin's lymphoma, multiple myeloma, melanoma, acute lymphocytic leukemia, acute 
myelogenous leukemia, Ewing's sarcoma, small cell lung cancer, choriocarcinoma, 
rhabdomyosarcoma, Wibns' Tumor, neuroblastoma, hairy cell leukemia, mouth/pharynx, 
oesophagus, larynx, kidney, lymphoma, among others, which may be treated by one or more 
compounds according to the present invention. 

The term "multiple drug resistant cancer" is used throughout the specification to 
describe a malignant tumor or other cancer containing cells which overexpress P-gpl70 
protein and consequently, prevent anti-cancer agents and other bioactives from accumulating 
or reduce accumulation in those cells where they can produce their intended effect, whether 
that effect is to facilitate cell death, reduce or prevent cellular proliferation or ottierwise 
impact the cancer cell's survival. Typical multiple drug resistant tumors/cancers which can 
be effectively treated using compounds according to the present invention include, for 
example, subgroups of virtually all tumors and cancer which exhibit multiple drug resistance 
phenotypes. Included among these tumors/cancer include most tumors which are derived 
from tissues which express P-gap 170, including most tumors of the adrenal gland, colon, 
kidney, liver, pancreas and acute myelogenous leukemia and numerous other cancers, 
including sarcomas, breast cancer, ovarian cancer, osteosarcomas, lymphomas, 
neuroblastomas, brain tumors, retinoblastoma, gastric and esophageal adenocarcinoma, renal 
cell carcinoma, acute lymphocytic leukemia, chronic myelogenous leukemia, among 
numerous others. 

The term "effective amount" is used throughout the specification to describe an 
amount of the present compound or composition which is used to effect an intended result, 
within the context of its use. In the case of bioavailability enhancing agents this relates to the 
ability of the compound to enhance the bioavailability of a bioactive agent or drug which is 
co-administered to a patient, most often by inhibiting one or more of the P-gp 170 protein 
(also, "GP170 pump") or a CYP450 cytochrome 450 enzyme, and in particular CYP450 3A4 
isozymes. In the case of anii-tumor/anti-cancer agents, and in particular, the treatment of 
multiple drug resistant cancers, an effective amount of these agents are used to inhibit p-gp 
170 protein, with flie mtended effect of reducing the cancer cell's ability to expunge active 
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agent and avoid accumulating agent which would destroy the cancer cell. In certain 
contexts, the term effective amount is used in conjunction with bioactive agents or drugs or 
the treatment of a condition or disease state in a patient to indicate an amount of agent which 
is effective for treating the condition or disease state, whether that treatment relates to central 
5 nervous system agents, or the the treatment of a patient suffering from neoplasia, in preferred - 
embodiments, a cancerous tumor to prevent the further growth of the neoplasms- to bring that 
growth under control and preferably, produce a remission of the tumor. 

The term "effective amount" with respect to traditional bioactive ageiits which are 
10 used to treat tumor/cancer is used throughout the specification to describe that amount of the 
compound according to the present invention which is administered to a mammalian patient, 
especially including a human patient, to reduce or inhibit the growth or spread of the cancer, 
and in certain preferred embodiments, a multiple dmg resistant (MDR) tumor or cancer. 
Preferably, treatment with the compounds described in the present invention will result in a 
15 remission of the tumor/cancer including malignant hematogenous, ascitic or solid tumors. In 
the case of solid tumors, in certain preferred aspects, the compounds according to the present 
invention will inhibit the further growth of the tumor tissue and shrink the existing tumor. 

The term "bioactive agent" or "dmg" means any active agents, preferably, an orally 
20 active agent, wliich exerts a favorable biological effect in a patient and where increased 

concentration of the agent at the site of its activity is considered desirable. Bioactive agents 
include drugs and any number of compounds which produce a favorable pharmacological 
response in a patient. Preferably, bioactive agents according to the present invention include 
any one or more compounds which are dmgs and which may be used to treat a condition or 
25 disease state in a patient, in particular, a human patient. Bioactive agents include a broad 
range of compounds including, for example, anesthetics, systemic antibiotics, antiparasitics, 
systemic quinolones, anti-infectives, anti-inflammatories, aminoglycosides, cephalosporins, 
penicillins, antidotes, anti-cholinesterases, metal poisoning antidotes, antineoplastics 
(antitumor and/or anticancer agents), cytotoxic agents, hormones, steroids, 
30 immunomodulators, cytokines, systemic antivirals, systemic antifungals, biologicals, alpha- 
antitrypsin, bone metabolism regulators, hypercalcemic agent, cardiovascular agents, beta 
blockers, cerebral vasodilators, cerebral metabolic enhancers, cholinesterase inhibitors, 
vasopressors, local diabetic agents, diagnostics such as CT scan enhancers and 
angiocardiography agents, adenosine deaminase deficiency agents, gonadotropin inhibitors. 
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adrenal cortical steroid inhibitors, gonadotropin releasing hormone stimulant, urofoUitropins, 
muscle relaxants such as neuromuscular blocking agents, prostaglandin analogs, 
prostaglandins, prostaglandin inhibitors, respiratory therapy agents, anticholinergics, beta 
andrenergic stimulators, sympathomimetics, and thrombolytics, antithrobotics, 
5 anticoagulants, antibiotics antiplatelet agents, thrombolytics, antiproliferatives, steroidal and 
nonsteroidal antiinflanMnatories, agents that inhibit hyperplasia and in particular restenosis, 
smooth muscle cell inhibitors, growth factors, groAvth factor inhibitors, cell adhesion 
inhibitors, cell adhesion promoters and drugs that may enhance the formation of healthy 
neointimal tissue, includmg endothelial cell regeneration agents, clonidine, estradiol, 
10 nicotine, nitroglycerin, and scopolamine, among numerous others. Others agents include 
antiinflammatory drugs, both steroidal (e.g., hydrocortisone, prednisolone, triamcinolone) 
and nonsteroidal (e.g., naproxen, piroxicam); antibacterials (e.g., penicillins such as penicillin 
V, cephalosporins such as cephalexin, er>1:hromycin, tetracycline, gentamycin, sulfathiazole, 
nitrofurantoin, and quinolones such as norfloxacin, flumequine, and ibafloxacin); 
15 antiprotazoals (e.g., metronidazole); antifungals (e.g., nystatin); coronary vasodilators (e.g., 
nitroglycerin); calcium channel blockers (e.g., nifedipine, diltiazem); bronchodilators (e.g., 
theophylline, pirbuterol, salmeterol, isoproterenol); enzyme inhibitors such as coUagenase 
inhibitors, protease inhibitors, elastase inhibitors, lipoxygenase inhibitors and angiotensin 
converting enzyme inhibitors (e.g., captopril, hsinopril); other antihypertensives (e.g., 
20 propranolol); leukotriene antagonists (e.g., ICI 204,219); anti-ulceratives such as H2 

antagonists; steroidal hormones (e.g., progesterone, testosterone, estradiol, levonorgestrel); 
antivirals and/or immunomodulators (e.g., l-isobutyl-lH-imidazo[4,5-c]quinolin-4-amine, 1- 
(2-hydroxy-2-methylpropyl)-lH-imida2o[4,5-c]quinoline-4-amine, and other compounds 
disclosed in U.S. Pat. No. 4,689,338, incorporated herein by reference, acyclovir); local 
25 anesthetics (e.g., benzocaine, propofol); cardiotonics (e.g., digitalis, digoxin); antitussives 

(e.g., codeine, dextromethorphan); antihistamines (e.g., diphenhydramine, chlorpheniramine, 
terfenadine); narcotic analgesics (e.g., morphine, fentanyl); peptide hormones (e.g., human or 
animal growth hormones, LHRH); cardioactive products such as atriopeptides; proteinaceous 
products (e.g., insulin); enzymes (e.g., anti-plaque enzymes, lysozyme, dextranase); 
30 antinauseants (e.g., scopolomine); anticonvulsants (e.g., carbamazine); immunosuppressives 
(e.g., cyclosporine); psychotherapeutics (e.g., diazepam); sedatives (e.g., phenobarbital); 
hypnotics; anticoagulants (e.g., heparin); analgesics (e.g., acetaminophen); antimigraine 
agents (e.g., ergotamine, melatonin, sumatriptan); antiarrhythmic agents (e.g., flecainide); 
antiemetics (e.g., metaclopromide, ondansetron); anticancer agents (e.g., methotrexate); 
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neurologic agents such as anxiolytic drugs; hemostatics; anti-obesity agents; antigout agents; 
antianxiety agents; antiinflammatory agents; hormones; immunosuppressive agents; 
hyplipedmic agents; antiparkinson agents; antifungal agents; analgesics; antimanic agents; 
antipyretics; antiarthritic agents; antiplatetet agents; anticonvulsants; antidiabetic agents, 
anticoagulants, antiarrhythmics, antianginal agents; and the like, as well as pharmaceutically 
acceptable salts, esters, solvates and clathrates thereof., among numerous others. 

The term "antitumor" or "anticancer" agent is used to describe a bioactive agent 
which may be used to treat tumors and/or cancer. Although there are a large nxunber of 
antitumor and anticancer agents which may be used in the present invention, antimetabolites, 
Ara C, etoposide, doxombicin, daunorabicin, mitoxantrone, idarubicin, vinblastine, 
vincristine, taxol, hydroxyurea, colchicine, etoposide, tenoposide, actinomycin D, puromycin, 
valinomycin, mithramycin, gramicidin D, emetine, rhodamine 123, Cytoxan, DiOC2, Hoechst 
33342, mitomycin C, adriamycin, topotecan, campothecin, irinotecan, gemcitabine, cis-platin 
and mixtures, thereof are preferred agents for use in the present invention. 

The term "co-administration", synonomyous v/ith "concurrent administration", as 
used herein, refers to two active compounds that are administered at the same point in time 
(i.e, "simultaneous administration"), or sufBcientiy close in time so that the results of the two 
compounds together achieve a combined effect in the subject or patient It is noted that co- 
administered agents may be administered at very different times, but the overall effect is 
such that activities of the two or more agents overlap and are combined to produce an 
intended effect. 

Tlie term "prevention" within context shall mean "reducing the likelihood" or 
preventing a condition or disease state from occurring as a consequence of administration or 
concurrent administration (co-administration) of one or more compounds or compositions 
according to the present invention, alone or in combination with another agent. It is noted 
here that vnthin a population of subjects being treated with a bioactive agent in advance of a 
condition or disease state, a nimiber will not be overcome by that condition or disease state 
as a consequence of such administration. Witiiin the context of administration to a 
population of patients, such administration will reduce the likelihood that a condition or 
disease will occur in a given subject 
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The term "pharmaceutically acceptable salt" is used throughout the specification to 
describe a salt form of one or more of the compositions (and in particularly preferred aspects 
according to the present invention, phosphate salts) herein which are presented to increase the 
solubility of the compound in saline for parenteral delivery or in the gastric juices of fee 
patient's gastrointestinal tract in order to promote dissolution and the bioavailability of the 
compounds. Pharmaceutically acceptable salts include those derived from pharmaceutically 
acceptable inorganic or organic bases and acids. Suitable salts include those derived from 
alkali metals such as potassium and sodium, alkaline earth metals such as calcium, 
magnesium and ammonium salts, among numerous other acids well known in the 
pharmaceutical art. Sodium and potassium salts are particularly preferred as neutralization 
salts of carboxylic acids and free acid phosphate containing compositions according to the 
present invention. The term "salt" shall mean any salt consistent with the use of the 
compounds according to the present invention. In the case where the compounds are used in 
pharmaceutical indications, including the treatment of neoplasia, including cancer, the term 
"salt" shall mean a pharmaceutically acceptable salt, consistent with the use of the 
compounds as pharmaceutical agents. 

The term "pharmaceutically acceptable derivative" is used throughout the 
specification to describe any pharmaceutically acceptable prodmg form (such as an ester or 
ether or other prodrug group) which, upon administration to a patient, provides directly or 
indirectly the present compound or an active metabolite of the present compound. 

The term "alkyl" shall mean within its context a CrCio, preferably a Ci-Cio linear, 
branch-chained or cyclic fiiUy saturated hydrocarbon radical. The term "ether" shall mean a 
Ci to C20 ether group, formed from an oxygen and an alkyl group at a position on the sugar 
moiety of compounds according to the present invention, or altematively, may also contain at 
least one oxygen within the alkyl chain. 

The term "acyl" is used throughout the specification to describe a group which 
contains a Ci to C20 linear, branched or cyclic alkyl chain bonded to a carbonyl group. The 
acyl group, in combination with the hydroxyl group results in an ester, which, in certain 
prodmg applications, after administration, may be cleaved to produce the free nucleoside 
form of the present invention. Acyl groups according to the present invention are represented 
by the structure: 
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25 



R^C- 



where R'^ is a Ci to C20 linear, branched or cyclic alkyl group, alkoxyalkyU aryloxyalkyl, such 
as phenoxymethyl, aryl, alkoxy, among others. Preferred acyl groups are those where R'* is a 
C| to Cio or a CrCn, alkyl group. Acyl groups according to the present invention also 
include, for example, those acyl groups derived from benzoic acid and related acids, 3- 
10 chlorobenzoic acid, succinic, capric and caproic, lauric, myristic, palmitic, stearic and oleic 
groups, among numerous others including mesylate groups. One of ordinary skill in the art 
will recognize the acyl groups which will have utility in the present invention, either to 
synthesize the target pharmaceutical compounds or as prodmg of the nucleosides according 
to the present invention. 

15 

The term "phosphate ester" or "phosphodiester" is used tiuroughout tiie specification 
to describe mono-phosphate groups at the R^ position which are diesterified such that the 
phosphate group is rendered neutral, i.e., has a neutral charge. Phosphate esters for use in the 
present invention include those represented by the structures; 

20 O O 

II II 
Nucleoside - P-O-R5 or Nucleoside - P-O-Re 

I I 
0R5 N-CH-R7 

I . 

0=C-OR 



where R5, R^ and R" are selected from a Ci to C20 linear, branched or cyclic alkyl group, 
alkoxyalkyl, aryloxyalkyl, such as phenoxymethyl, aryl and alkoxy, among others, and R7 is 
30 a Ci to C20 linear, branched or cyclic alkyl or acyl group, alkoxyalkyl, aryloxyalkyl, such as 
phenoxymethyl, aryl and alkoxy, among others. Preferred monophosphate esters for use in 
prodmg forms according to the present invention are those where R^ is a Ci to C20 is a linear 
or branched chain alkyl group, more preferably a Ci to C3 alkyl group. 

35 The term "substituted" as it relates to phenyl or benzyl groups described herein, 

refers to one, two or three, OH, halogen 0F,C1, Br, I) or C1-C3 alkyl groups, preferably no 
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more than one substituent, which may be substituted on the phenyl ring or the methylene or 
phenyl ring of the benzyl group. 

The present invention relates to compounds, pharmaceutical compositions and 
5 methods of using these compounds to enhance the bioavailability of active agents or the 

sensitivity of tumors/cancer which are diminished by the action of P-gp 170 and/or CYP450, 
especially the 3A4 variant of CYP450 or to inhibit p-gp 170 and/or C"YP450. 

Chemical synthesis of the present compounds may be afforded through readily 
10 available (most of them commercially available starting materials and intermediates). The 
compounds may be synthesized following the standard chemistry which is set forth in the 
following examples. Alternatively, one of ordinary skill will be able to readily modify 
known procedures for synthesizing and derivatizing benzopyran-4-one compounds to 
produce compounds according to the present invention. Oxidation, acylation, alkylation, 
15 halogenation reactions proceed following well-known reactions. Other reactions also follow 
well-loiown general synthetic methods. Those of ordinary skill will find no difficulty in 
synthesizing all of the presently described compounds. 

The active compounds disclosed herein can, as noted above, can be used, within 
20 context, without modification or can be prepared in the form of their pharmaceutically 

acceptable salts, Pharmaceutically acceptable salts are salts that retain the desired biological 
activity of tlie parent compound and do not impart undesired toxicological effects. Examples 
of such salts are (a) acid addition salts formed with inorganic acids, for example 
hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid and the like; 
25 and salts formed with organic acids such as, for example, acetic acid, oxalic acid, tartaric 
acid, succinic acid, maleic acid, fiimaric acid, gluconic acid, citric acid, malic acid, ascorbic 
acid, benzoic acid, tannic acid, palmitic acid, alginic acid, polyglutamic acid, 
naphthalenesulfonic acid, methanesulfonic acid, p-toluenesulfonic acid, 
naphthalenedisulfonic acid, polygalacturonic acid, and the like; pr (b) salts derived from 
30 bases, such as ammonium salts, alkah metal salts such as those of sodium and potassium, 
alkaUne earth metal salts such as those of calcium and magnesium, and salts with organic 
bases such as dicyclohexylamine and N-methyl-D-glucamuie. 

Pharmaceutical Formulations 
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The active compounds described above may be formulated for administration in a 
pharmaceutical carrier in accordance with known techniques. See, e.g., Remington, The 
Science And Practice of Pharmacy (9th Ed. 1995). In the manufacture of a pharmaceutical 
fonnulation according to the invention, the active compound (including the 
physiologically/pharmaceutically acceptable salts thereof) is typically admixed with, inter 
alia, an acceptable carrier. The carrier must, of course, be acceptable m the sense of being 
compatible with any other ingredients in the formulation and must not be deleterious to the 
patient. The carrier may be a solid or a liquid, or both, and is preferably formulated with the 
compound as a miit-dose formulation, for example, a tablet, which may contain from 0.01 or 
0.5% to 95% or 99% by weight of the active compound. One or more active compounds 
may be incorporated in the formulations of the invention, which may be prepared by any of 
the well known techniques of pharmacy consisting essentially of admixing the components, 
optionally including one or more accessory ingredients. 

Although oral administration is the preferred route of administration, other routes of 
administration may also be contemplated for use in the present invention, including, rectal, 
topical, buccal (e.g., sub-lingual), vaginal, parenteral (e.g., subcutaneous, intramuscular, or 
intravenous), topical (i.e., botii skin and mucosal surfaces, including airway surfaces) and 
transdermal administration, among others, although the most suitable route in any given case 
will depend on the nature and severity of the condition being treated and on the nature of the 
particular active compound which is being used. The most preferred route would be oral, co- 
administered with a bioactive agent, also delivered orally. 

Formulations suitable for oral administration may be presented m discrete units, such 
as capsules, cachets, lozenges, or tablets, each containing a predetermined amount of the 
active compound; as a powder or granules; as a solution or a suspension in an aqueous or 
non-aqueous liquid; or as an oil-in-water or water-in-oil emulsion. Such formulations may be 
prepared by any suitable method of pharmacy which includes tiie step of bringing into 
association the active compound and a suitable carrier (which may contain one or more 
accessory ingredients as noted above). In general, the formulations of the invention are 
prepared by uniformly and intimately admixing the active compound with a liquid or finely 
divided solid carrier, or both, and then, if necessary, shaping the resulting mixture. For 
example, a tablet may be prepared by compressing or molding a powder or granules 
containing the active compound, optionally with one or more accessory ingredients. 
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Compressed tablets may be prepared by compressing, in a suitable machine, the compound 
in a free-flowing fomi, such as a powder or granules optionally mixed with a binder, 
lubricant, inert diluent, and/or surface active/dispersing agent(s). Molded tablets may be 
made by molding, in a suitable machine, the powdered compound moistened with an inert 
liquid binder. 

Formulations suitable for buccal (sub-lingual) administration include lozenges 
comprising the active compound in a flavoured base, usually sucrose and acacia or 
tragacanth; and pastilles comprising the compound in an inert base such as gelatin and 
glycerin or sucrose and acacia. 

Formulations of the present invention suitable for parenteral administration comprise 
sterile aqueous and non-aqueous injection solutions of the active compound, which 
preparations are preferably isotonic with the blood of the intended recipient These 
preparations may contain anti-oxidants, buffers, bacteriostats and solutes which render the 
formulation isotonic with the blood of the intended recipient. Aqueous and non-aqueous 
sterile suspensions may include suspending agents and thickening agents. The formulations 
may be presented in unit/dose or multi-dose containers, for example sealed ampoules and 
vials, and may be stored in a freeze-dried (lyophilized) condition requiring only the addition 
of the sterile liquid carrier, for example, saline or water-for-injection immediately prior to 
use. Extemporaneous injection solutions and suspensions may be prepared from sterile 
powders, granules and tablets of the kind previously described. The compound or salt is 
provided in the form of a lyophilizate which is capable of being reconstituted with a suitable 
pharmaceutically acceptable carrier to form a liquid composition suitable for injection 
thereof into a subject. The unit dosage form typically comprises from about 2 to 900 mg of 
the compound or salt. When the compound or salt is substantially water-insoluble, a 
sufficient amount of emulsifying agent which is physiologically acceptable may be 
employed in sufficient quantity to emulsify the compound or salt in an aqueous carrier. One 
such useftil emulsifying agent is phosphatidyl choline. 

Formulations suitable for rectal administration are preferably presented as unit dose 
suppositories. These may be prepared bj^ admixing the active compound with one or more 
conventional solid carriers, for example, cocoa butter, and then shaping the resulting 
mixture. 
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Formulations suitable for topical application to the skin preferably take the form of 
an ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers which may be used 
include petroleum jelly, lanoline, polyethylene glycols, alcohols, transdermal enhancers, and 
combinations of two or more tiiereof 

Formulations suitable for transdermal administration may be presented as discrete 
patches adapted to remain in intimate contact with the epidermis of the recipient for a 
prolonged period of time. Formulations suitable for transdermal administration may also be 
delivered by iontophoresis (see, for example. Pharmaceutical Research 3 (6):318 (1986)) and 
typically take the form of an optionally buffered aqueous solution of the active compound. 
Suitable formulations may comprise citrate or bis/tris buffer (pH 6) or efhanol/water and 
contam from 0.1 to 0.2 M active ingredient. 

Further, the present invention provides liposomal formulations of the compounds 
disclosed herein and salts tliereof The technology for forming liposomal suspensions is well 
known in the art. When the compound or salt thereof is an aqueous-soluble salt, using 
conventional liposome technology, the same may be incorporated into lipid vesicles. In such 
an instance, due to the water solubility of the compound or salt, the compoimd or salt will be 
substantially entrained within the hydrophilic center or core of the liposomes. The lipid layer 
employed may be of any conventional composition and may either contain cholesterol or 
may be cholesterol-free. When the compound or salt of interest is water-insoluble, again 
employing conventional liposome formation technology, the salt may be substantially 
entrained witliin the hydrophobic lipid bilayer which forms the structure of the liposome. In 
either instance, the liposomes which are produced may be reduced in size, as through the use 
of standard sonication and homogenization techniques. Of course, the liposomal 
formulations containing the compounds disclosed herein or salts thereof, may be lyophilized 
to produce a lyophilizate which may be reconstituted with a pharmaceutically acceptable 
carrier, such as water, to regenerate a liposomal suspension. 

Other pharmaceutical compositions may be prepared from the water-insoluble 
compounds disclosed herein, or salts thereof, such as aqueous base emulsions. In such an 
instance, the composition will contain a sufficient amoimt of pharmaceutically acceptable 
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emulsifying agent to emulsify the desired amount of the compound or salt thereof. 
Particularly useful emulsifying agents include phosphatidyl cholines, and lecithin. 

In addition to compounds disclosed above or their salts, the pharmaceutical 
compositions may contain other additives, such as pH-adjusting additives, hi particular, 
useful pH-adjusting agents include acids, such as hydrochloric acid, bases or buffers, such as 
sodium lactate, sodium acetate, sodium phosphate, sodium citrate, sodium borate, or sodium 
gluconate. Further, the compositions may contain microbial preservatives. Useful microbial 
preservatives include methylparaben, propylparaben, and benzyl alcohol. The microbial 
preservative is typically employed when the formulation is placed in a vial designed for 
multidose use. Of course, as indicated, the pharmaceutical compositions of the present 
invention may be lyophihzed using techniques well known in the art. 

Dosage 

As noted above, the present invention provides pharaiaceutical formulations 
comprising the active compounds (including the pharmaceutically acceptable salts thereof), 
in pharmaceutically acceptable carriers for oral, rectal, topical, buccal, parenteral, 
intramuscular, intradermal, or intravenous, and transdermal administration. 

The therapeutically effective dosage of any one active agent, the use of which is in 
the scope of present invention, will vary somewhat from compound to compound, and 
patient to patient, and will depend upon factors such as the age and condition of the patient 
and the route of delivery. Such dosages can be determined in accordance with routine 
pharmacological procedures known to those skilled in the art 

As a general proposition, a dosage from about 0.001 to about 15 mg/kg by weight of 
the patient, preferably from about 0.02 to about 5 mg/kg, will have therapeutic efficacy, with 
all weights being calculated based upon the weight of the active compound, including the 
cases where a salt is employed. Toxicity concerns at the higher level, especially for anti- 
tumor/anti-cancer agents may restrict intravenous dosages to a lower level such as up to about 
5 mg/kg, with all weights being calculated based upon the weight of the active base, 
including the cases where a salt is employed. A dosage from about 0.001 mg/kg to about 10 
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mg/kg may be employed for oral administration. The administration of oral compositions is 
preferred, although parenteral administration of an anti-tumor/anti-cancer agent will reflect 
the typical administration of tliat agent. Typically, a dosage from about 0.5 mg/kg to 5 mg/kg 
may be employed for intramuscular injection. Tlie frequency and duration of the treatment is 
usually once or twice per day as needed. 

Chemistry 

The synthesis of O-substituted baicalein derivatives from commercially available 
reagents was carried out using the general synthetic approach shown in Scheme 1, Figure 1. 

Acetylation of baicalein (1) with acetic anhydride was performed in pyridine to give 
mono-, di- and triacetylated derivatives 2 - 4. Baicalein was treated with benzyl bromide in 
dry acetone with potassium carbonate to provide mono- and dibenzylated analogues 15 and 
16. The O-methylated derivatives 6 and 8 of baicalein were readily prepared by reaction with 
trimethylsilyldiazomethane (TMSCHNz) in a methanohc THF solution at room temperature. 
Since the hydroxyl function on the C-5 position of baicalein makes an intramolecular 
hydrogen bond with the 4-keto group, it is resistant to alkylation and benzylation of baicalein 
occurred in the following order: 6 > 7 > 5. 

The O-methylated products 6 and 8 of baicalein exhibited more potent anti-P-gp 
activities than that of baicalein itself. This fmdmg led us to design and synthesize a series of 
alkylated baicalein analogues in order to examine their anti-P-gp activity. A variety of alkyl 
chains were attached to the hydroxyl groups in the baicalein A ring, and related flavonoids, 
through phenol alkylation with a number of alkyl halides. 

The reaction of catechols on the baicalein A ring and flavonoids with 
bromochloromethane in DMF at 50 °C in the presence of cesium carbonate provided the 
corresponding methylenedioxy derivative 19. Sunilarly, compound 13 was readily prepared 
by heating baicalein at 170 ""C for 1 h with dichlorodiphenyhnethane then reaction with 
TMSCHN2 in methanoUc THF at room temperature. 
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The selective brominations at the C-8 position of baicalein and baicalein derivatives 
were performed directly with N-bromosuccinimide in the presence of a catalytic amount of 
concentrated sulfuric acid at room temperature. 

Biological results 

In recent studies, the present inventors found that the anti-P-gp activity of Scutellaria 
baicalensis Georgi could inhibit P-gp 170 and have attributed this activity to the high 
quantity of baicalein (compound 1) found in the extract. We therefore synthesized a number 
of baicalein-related compounds in order to evaluate their structure-activity relationship 
against P-gp 170 activity. Since flavonoids could have multiple sites of action that affect cell 
growth, we also evaluated their growth inhibitory activity against KB, a human cancer cell 
line. If a compound exhibits cytotoxicity through the inhibition of cell function, in addition 
to serving as a substrate of P-gp 170, tlien the compound would be expected to demonstrate 
less activity against a cell line overexpressing P-gp 170, than the parent cell line. Therefore, 
we employed a multi-drug resistant cell line (KB/MDR) in addition to the parent KB cell line, 
in order to assess the susceptibility of a compound to act as a substrate or inhibitor of the P- 
gp 170 efflux pump. Our modification of the natural products focused primarily on the 
functional groups of the baicalein A ring, especially positions 5, 6 and 7, which might play a 
crucial role in P-gp 170 inhibition. 

The KB/MDR cells, which overexpress human P-gp 170 protein, were used to 
evaluate the anti-P-gp 170 activity of drugs. In this manner, the intracellular amount of 
vinblastine, a substrate of P-gp 170 pump, was measured in the presence of the known P-gp 
inhibitors cyclosporin A and verapamil and compared to our synthetic flavones. The 
concentration of compound required to achieve 50% maximum accumulation of vinblastine is 
presented as the EC50 value. The maximum accumulation of intracellular vinblastine caused 
by flie comfpounds in one hour is expressed as Amax ft)icomoles/10* cells). The cell growth 
inhibitory activity of compounds is presented as the concentration required to inhibit 50% 
growth of KB or KB/MDR cell lines (IC50) following three days of compound treatment 

As shown in table 1 (Figure 2), the number of acetoxy groups on the baicalein A ring 
altered the EC50 of anti-P-gp activity. Compounds wifli one (2) or two (3) acetoxy groups on 
position 6 and 7 of the A ring exhibit an EC50 that is one-fourth that of the parental 
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compound. The activity of the flavone with three acetoxyl groups (4) at position 5, 6 and 7 
did not differ from compound 2 or 3. The Amax values of these three compounds were also 
similar, but higher than that found for baicalein. The flavones with acetoxy groups were 
more toxic to KB cells than tiie KB/MDR cells, indicating that the substitutions of hydroxyl 
groups by acetoxy could render the flavone a better substrate for P-gp 170 efflux pump. 
Substitution of the acetoxy groups in compound 4 with one (7) or two (5) methoxy groups did 
not alter the EC50 or Amax substantially, but increased the IC50 value against cell growth. We 
also evaluated the impact of a bromo group on position 8 on anti-P-gp 170 efflux activity. 
Compound 25 (g-bromobaicalein) decreased the EC50 to 15 DM, but the Amax did not change, 
as compared to baicalein. Compound 24 (the 8-bromo derivative of compound 3) also 
showed less favorable activity against P-gp 170 activity than compound 3, Both of the 
compounds with an 8-bromo group were toxic to KB and KB/MDR cells, and showed the 
same IC50 as compound 3 to KB cells, but lower that for the KB/MDR cells. This suggests 
tliat the bromo substitution prevents compound 3 from acting as a substrate of P-gp 170. 

By adding one benzoxy group to the A ring of baicalein (Table 2, Figure 3), the 
flavone became a very potent inhibitor of P-gp 170, irrespective of the position or the 
presence of other functional groups. All the flavones 6,7-Diacetoxy-5-benzoxyflavone (9), 7- 
Acetoxy-6-benzoxy-5-hydroxyflavone (10), 5,6-Diacetoxy-7-benzoxyflavone (14), and 6- 
benzoxy-5,7-dihydroxyflavone (15) exhibited a low ECsobut higher A^ax in comparison with 
baicalein. On the other hand, the benzoxy group transformed the flavone a more toxic 
compound toward both KB and KB/MDR cells than baicalein. This suggests that these 
compounds have a different site of action in addition to P-gp 170, for which activity is not 
required to maintain cell growth. The fact that these compounds have the same ICsofor KB 
and KB/MDR cells, suggests that they are inhibitors but not substrates of the P-gp 170 efflux 
pump. When the A ring of baicalein is substituted with two benzoxy groups, the flavone 
shows decreased cytotoxicity and anti-P-gp activity, without regard to being cyclic (13) or not 
(16). 

Experimental results for the alkylated baicalein compounds are shown in Table 3. The 
introduction of a methoxy group onto the A ring decreased the EC50 and increased the Amax* 
The presence of two (8) or three (6) methoxy groups on the A ring of baicalein dramatically 
increased the anti-P-gp activity, as evidenced by dieir EC50 of 5.5 pM and 4.6 pM 
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respectively, without a further increase in the Amax- Cyclizing the R6 and R7 position of the A 
ring decreased the cytotoxic activity and An,ax, but did not alter the EC50 against P-gp 170 
activity as compared to compounds 8 and 6, regardless of whether the substitution at R5 is a 
hydroxy (19) or methoxy (20) group. 

Alkyl substitution (methoxy) turned out to be a far more favorable substitution than 
either the acetoxy or benzoxy group for flavone anti-P-gp efflux activity. This is most likely 
due to the fact that this substitution prevents the compound jfrom acting as a substrate for P- 
gp 170 or renders it less specific against P-gp 170. For this reason, we further explored the 
potential of this type of substitution in a search for an optimal linear alkoxy group. The 
ethoxy group was shown to be better than the methoxy group. The EC50 values of 6-ethoxy- 
5,7-dihydroxyflavone (32) and 6,7-diethoxy-5-hydroxyflavone (33) were 2.3 |jM and 1.8 mM, 
respectively, which is about the same as that of CSA. In addition, ethoxy compound 33 had a 
higher A^ax and less cytotoxicity than either CSA or compound 32. While there is no 
significant difference between one and two etiioxyl groups on the EC50, there is a big 
difference in their cytotoxicity. Substitution of the R5 hydroxy! group in compound 33 with 
methoxy (44) did not change the EC50 significantly. Substitution of the R7 ethoxy group of 
compound 33 with a methoxy (38) did not alter the IC50 but did decrease the Amax- 

Similar to the benzoxyl group substitution, presence of the propoxy substitution on 
any position of the A ring has significant effect on the potency and degree of anti-P-gp 170 
efflux activity. One propoxy group on R6 (17) decreases the EC50 to 2 |J.M, and mcreases the 
Amax 9-fold higher than that of the control; two propoxyl groups on R6 and R7 (18) decreases 
the EC50 to 1 A nM, and the A^ax is 1 0-fold higher than the control. In addition, the EC50 of 5- 
hydroxy-7-methoxy-6-propoxyflavone (21) was further decreased to 1.2 {jM and tiie Amax 
was 9-fold higher than that of the control. The molecule 5,7-dimethoxy-6-propoxyflavone 
(22), with an added mettioxy on tlie R5 hydroxyl group, showed the same EC50 and Amax as 
compound 21. The cytotoxicity of 6,7-diethoxy-5-methoxyflavone (44) was higher than that 
of 6,7-diethoxy-5-hydroxyflavone (33), which only contains a single R5 position change 
from hydroxy to methoxy. The same phenomenon is found when comparing 5-hydroxy-6,7- 
dimethoxyflavone (8) to 5,6,7-trimethoxyflavone (6), compound 41 to 40 and compound 43 
to 42. Finally, the most potent flavone in this series was found to be 5-methoxy-6,7- 
dipropoxyflavone (23), with two propoxy groups on R6 and R7 and a methoxy group on R5. 
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The EC50 of compound 23 was found to be 0.9 nM and the A^ax is 10-fold higher than that of 
the control. This is more efficient than CSA, which shows an activity that is 7-fold higher 
than control. The presence of methoxy group on the R5 position of compound 23, make it 
slightly more toxic than compound 18 to KB and KB/MDR cells, but this cytotoxicity is not 
altered in the presence ofT-gp 170 activity, which suggests tiiat compound 23 is not a 
substrate of P-gp 170. Compounds with alkoxy substitutions of longer chain length lead to a 
decrease in Amax, without altering the ECso substantially No obvious correlation between a 
molecules' clog P value and anti-P-gp activity was observed. 

Our previous studies have shown that flavone has the highest anti-P-gp activity 
among all of the flavonoid subclasses, which include flavone, flavonol, isoflavone, flavanone 
and glycosylated flavone!' This conclusion is consistent wifli that observed by Gwenaelle 
Conseil, et al.^^ who demonstirated that the 2,3-double bond on C ring and the hydroxyl group 
on the A ring are important affinity determinants for flavonoid binding to P-gp. In addition, 
Jose M. Perez-victoria, et al}^ showed that no matter how large the substituent group is 
made, it's effect is not as important as the 2,3-double bond in the C ring for binding affinity. 
The assay used in these studies, however, directly measured the binding affinity of the 
compounds for tiie cytosolic nucleotide-binding domain of P-gp 170 protein, which does not 
provide a measure for anti-P-gp 170 functional activity in living cells. 

Ahcene Boumendjel et al}° incorporated modified chrysin in their studies and 
achieved results similar to our own. Their experiments showed that the increase in 
hydrophobicity of chrysin by alkylation with either methyl, isopropyl, benzyl, 3,3- 
dimethylallyl, or geranyl substituents was correlated with an increase in affinity for in vitro 
binding to the P-gp cytosolic domain. Their anti-P-gp activity is tiierefore solely dependent 
on the number of isopropyl groups, irrespective of the position (6, 7, or 8) on the A ring. Our 
results indicate that tiie number of carbons permitted in tiie alkoxy group is preferably limited 
to three. Alkoxy groups in all three positions 5, 6 or 7 make a contribution to anti-P-gp 
activity. Potency is dependent on the alkoxyl group and deceases in the following order: 
propoxyl > ethoxyl > metiioxyl. In our studies, all flavones with alkoxy groups have tiie same 
or better anti-P-gp activity than cyclosporin A (measured by vinblastine accumulation) and 
much higher tiian tiiat of the flavones witii c-alkyl groups, which only accumulate about 20- 
30% of drug as compared to cyclosporin A. The impact on anti-P-gp activity caused by n- 
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propoxy substituents is greater than having c-isopropyl or Crdimethylallyl substituents on 
these compounds. Perhaps the high potency observed for their best compound, which has an 
o-dimethylallyl substitution pattern, results from the effect of oxygen alkylation and not from 
the dimethylallyl group itself. Moreover, the Amax of compound 23 is 167% of cyclosporin A 
5 and 236% of verapamil. One possible interpretation of these results is that the alkoxyflavone 
is more specific for P-gp 170 and has no other cellular effect, which is not the case of 
cyclosporin A or verapamil. In this manner, it can reach a higher level of apparent anti-P-gp 
activity in the KB/MDR cells. 

10 Interestingly, all of the flavones with an aUcoxy group of 4 - 8 carbons exhibited the 

same level of EC50 compared to compound 23, indicating that maybe the binding affinity of 
this series of alkoxyflavones remain the same, since the long chain substituents did not 
decrease the anti-P-gp activity. One possibility is that the long carbon chain of the alkoxyl 
group changes the orientation of the flavone (eg. insertion into plasma membrane) relative to 

15 the' P-gp 170 binding site, so that they still bind to P-gp but do not block pump activity. 

The benzyl group substituent also showed a large impact on anti-P-gp activity both in 
the studies of Ahcene BoumendjePs^^ and ours. The benzoxy group has much stronger effect 
on the Amax than the benzyl group in both systems. On the other hand, both their and our 

20 benzoxy groups are connected to the A-ring at positions 6 and 7. With the same benzoxy 
group, the two acetoxy groups of our compound (5,6-diacetoxy-7-benzoxyflavone, the Amax 
is 97% as compared to cyclosporin A) may have some supplementary effect compared to 
their compound (7-benzoxy-5-hydroxyflavone, the Amax is 25% as compared to cyclosporin 
A). The addition of two benzoxyl groups on the A-ring, caused the flavone (6, 7-dibenzoxy- 

25 5-hydroxyflavone) to lose all of its anti-P-gp activity in our experiments, but (6-benzyl-7- 
benzoxy-5-hydroxyflavone) showed an increase in both binding affinity and drug 
accumulation in their experiments. The only difference between these two molecules is the 
benzyl or benzoxyl group on position 6. It should also be noted that cytotoxicity increases 
greatly with benzoxy substitution on the A-ring. 

30 

In order to achieve a more comprehensive overview of the structure-activity 
relationship of the flavones, we subcategorized them based on the position of their 
substitutients. We first organized the same functional group on R6 and R7, in order to see the 
impact of R5 on anti-P-gp efflux activity. Compounds with the same substitutions on R6 and 
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R7 were divided into four groups: compounds 3, 4, 7 and 9 with two acetoxy groups on R5 
and R7; compound 8 and 6 with two methoxy groups; compound 33 and 44 with two ethoxy 
groups; and compound 18 and 23 with two propoxy groups on the R6 and R7 position. The 
ECso required to inhibit P-gp 170 activity of these four groups decrease in the folio wmg 
order: two acetoxys > two methoxys > two ethoxys > two propoxys. In addition, the change 
of R5 substituents is not as dominant as the change of the same two groups on the R6 and R7. 
The anti-P-gp activity of flavones with two acetoxy groups on R6 and R7 is dependent on the 
functional group in the R5 position. The anti-P-gp activity of flavones with two methoxy or 
etlioxy groups on R6 and R7 did not change with a change in the R5 functional group. 
Flavones with two propoxy groups on R6 and R7 were the most potent inhibitors in this 
series of compounds, regardless of whether the R5 is hydroxy or methoxy group. However, 
the methoxy group on the R5 position renders the flavones more toxic to cells as compared 
the hydroxyl group. 

In the case of a fixed functional group on the R5 and R7 position, the molecules can be 
divided into three groups, those with two hydroxy groups (compounds 1, 2, 15, 17 and 32), 
two methoxy groups (compounds 5, 6 and 22), and a hydroxy group on the R5 and methoxy 
group on the R7 (compounds 8, 21 and 38). The anti-P-gp activity of the compounds with 
two hydroxyl groups was largely dependent on the functional group at the R6 position, from 
high (compounds 1 and 2) to very low (compounds 15 and 32) EC50. The anti-P-gp efflux 
activity of compounds with two methoxy groups is also dependent on the functional group at 
the R6 position, showing both medium EC50 (compounds 5 and 6) and very low (compound 
22) activity. The anti-P-gp 170 activity of compounds with a hydroxy group on R5 and 
methoxy group on R7 do not show obvious dependence on the functional group at R6, smce 
neither the methoxy ethoxy or propoxy groups changed the EC50 value noticeably, however, 
all three were very good inhibitors. Their inhibitory effectiveness is shows the following 
decreasing order: propoxy (21) > ethoxy (38) > methoxy (8). 

Compounds with the same functional groups on R5 and R6 could also be divided into 
four categories. With a hydroxy group on R5 and a benzoxy group on R6 (compounds 10 and 
15), the EC50 values decrease and are not affected by the substituent on R7, except the 
molecule containing two benzoxygroups (16), which lost both anti-P-gp 170 activity and 
cytotoxicity. The anti-P-gp 170 activity of compounds with a hydroxy group on R5 and an 
ethoxy group on R6 was not dependent on the functional group at R7 either (compounds 32, 
38 and 33). The anti-P-gp 170 efflux activity of compounds with a hydroxy group on R5 and 
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a propoxy group on R6 was also not dependent on Ihe functional group at the R7 (compounds 
17, 21 and 18). Even the anti-P-gp activity of the most potent compounds, containing a 
methoxy group on R5 and a propoxy group on R6 was not obviously dependent on the 
chemical fixnction at R7 (compounds 22 and 23). It appears that small substituent changes on 
position 7 do not have an impact on anti-P-gp activity, however, large substituents at this 
position are not tolerated since baicalin (7-glucuronosyl baicalein), the most abundant 
chemical in the Scute, has no anti-P-gp activity. 

The inhibition of P-gp 170 efflux activity itself should not cause cytotoxicity, and our data 
support this ttieory since their appears to be no correlation between p-gp inhibition and 
cytotoxicity in the compounds evaluated in this study. (Yes, This is true!) Therefore, the 
increased toxicity noted in some of the molecules is likely due to affinity of the compounds 
for additional biochemical targets with ATP-binding sites. Several flavonoids have been 
reported to be good inhibitors for a variety of ATP-binding proteins such as plasma 
membrane ATPases,"'^'* protein kinase A," protein kinase C," serine/threonine protein 
kinases," tyrosine protein kinase^* and topoisomerase H.^" Staurosporine produces high 
intrinsic cytotoxicity in human cells in addition to its anti-P-gp activity. Based on a structural 
analysis, R. B. Wang et al}^ suggested that the isobenzopyrrolidone of staurosporine meets 
the binding requirement of the adenosine moiety of ATP and prevents ATP binding to the 
ATP-binding site. In this comparison, however, the A ring of galangin (3, 5, 7- 
trihydroxyflavone) does not overlap well witii the 5-member ring of adenosine, and that's the 
reason galangin does not exhibit cytotoxicity as staurosporine analog. A. D. Pietro et al}^ 
indicated that among a total of 29 flavonoids examined, only three flavonols were found to 
bind to the ATP-binding site, and the hydroxyl group at position 3 of the flavonol is critical 
for binding. This requirement is similar to that observed for quercetin binding to the Hck 
tyiosine kinase, as demonstrated by cociystallization" and for other ATPases by inhibition 
kinetics.^^ Based on these observations, most of our synthetic flavones are unlikely to be 
good candidates for ATP-binding site affinity because they lacking the hydroxyl group on 
R3, except the benzoxyflavone which could potentially block ATP binding by fitting to the 
adenine site in the ATP-binding pocket like staurosporine. 

When a benzoxy group is connected to the A-ring of baicalein, its structure resembles 
L868276 (5, 7-dihydroxy-8-[4-(3-hydroxy-l-methyl)piperidinyl3-flavone), which fits nicely 
to the adenine-binding pocket of CDK2," and this may be a source of its increased 
cytotoxicity. Intrarestingly, the cytotoxicity is lost when we add another benzoxyl group to 
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the A-ring of baicalein. This is similar to a pattern noted with staurosporine modification, the 
addition of one benzyl group causes a decrease in cytotoxicity (CGP41251)^'* and adding 
another totally abolishes the cytotoxic effect (CGP42700).^^ It is possible that the increased 
steric bulk added to molecule by virtue the second benzyl group render the compounds 
incapable of entering the adenine-binding pocket of CDK2 due to steric hindrance. We are 
currently evaluating this hypothesis. 

The nucleotide binding site of P-glycoprotein contains a region that interacts with 
hydrophobic steroid derivatives, such as RU486, called the steroid binding hydrophobic 
region (SBHR). This region is most likely located in close proximity to the ATP binding site 
since RU486 completely prevents or displaces the hydrophobic nucleotide derivative, 2(3)- 
methylanthraniloyl-ATP (MANT-ATP).^^ A tentative model for the interaction of flavonoids 
with P-glycoprotein and related multidrug transporters has been proposed by A. D. Pietro et 
al^^ Galangin (5, 7-dihydroxyflavonol), kaempferol (4', 5, 7-trihydroxyflavone), kaempferide 
(3, 5, 7-trihydroxy-4'-methoxyflavone) and dehydrosilybin (3, 5, 7-trihydroxy-3' - 
monolignolflavone) appear to interact with the cytosolic nucleoside binding domain; the 
hydroxyl groups at positions 3 and 5, in addition to the ketone at position 4, are proposed to 
bind the ATP-binding site, whereas other parts of tlie molecules bind in the vicinal SBHR 
region. Prenylation of the A-ring would therefore increase the hydrophobic interactions with 
both the cytosolic steroid-interacting region and the drug-binding site. This would potentially 
produce a significant shift in flavonoid positioning, in such a way that overlap with the ATP 
binding site can no longer occur. Such a prenyl-flavonoid positioning appears to be efficient 
enough to directly inhibit P-gp 170 substrate binding and transport, while indirectly 
interfering with ATP hydrolysis and energy transduction. In our case, flavones without the 3- 
hydroxyl group may be acting in a similar fashion, since the alkoxyl group helps 
trihydroxyflavone (baicalein) to be a better P-gp modulator with less cytotoxicity and may be 
interacting with the steroid binding hydrophobic region of P-gp rather than the ATP-binding 
site, Benzoxyflavone, on the other hand, may likely be overlapping the ATP-binding site in 
order to decrease the efflux of P-gp 170 substrates such as vinblastine, and be exhibitng a 
high intrinsic cytotoxicity through interaction with the ATP-binding sites of other vital 
proteins. 

In conclusion, acetylation, alkylation, or benzylation of hydroxyl groups on the A ring 
of baicalein can enhance interaction with the P-gp 170 protein and prevent its substrate efflux 
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activity. The mode of interaction with these modified flavones appear be quite different, 
given the broad range of differences noted in EC50, A^ax and cytotoxicity. The 
alkoxyflavones may interact with P-gp at a site other ttian the ATP-binding site, whereas the 
other modified flavonoids likely mimic the adenosine moiety of ATP and block the ATP- 
binding site. This suggests that the alkoxyflavones may have a lower propensity to interact 
with the ATP-binding site of other proteins, as observed by their lower cytotoxicity. In 
summary, the alkoxyflavones appear to be quite promising modulators of P-gp 170 function 
and warrant further exploration. 

It is to be understood by those skilled in the art that the foregoing description and 
examples are illustrative of practicing the present invention, but are in no way limiting. 
Variations of the detail presented herein may be made without departing fi:om the spirit and 
scope of the present invention as defined by the following claims. 



EXAMPLES 

General Chemistry Methods. All solvents and reagents were obtained from 
commercial suppliers and were used without further purification. Unless otherwise specified, 
reactions were performed under a nitrogen atmosphere with exclusion of moisture. All 
reaction mixtures were magnetically stirred and monitored by TLC using Si250F precoated 
plates from J. T. Baker (0.25 mm). Flash column chromatography was performed on 32-63 D 
60 A siUca gel from ICN SiliTech (ICN Biomedicals GmbH). Melting points were 
determined with an Electrothermal capillary melting point apparatus and are uncorrected. *H 
NMR spectra were recorded on a Bruker AM-400 or GE QE-plus 300 spectrometer. 
Chemical shifts are reported using chloroform-J (5 7.24 ppm) or DMSO-rfe (2.50 ppm). All 
coupling constants are described in Hz. Mass spectra were conducted at the Mass 
Spectrometry Laboratory of the University of Illinois. 

6-Acetoxy-5,7-dihydroxyflavone (2). Baicalein 1 (54 mg, 0.2 mmol) was dissolved in acetic 
anhydride (1 mL) and pyridme (1 mL), and tlie solution was stirred at room temperature for 2 
h. The reaction mixture was poured into ice-water (10 mL), and the precipitate was collected 
by filtration and purified by flash chromatography on a column of silica gel eluted with 
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CHaCb/MeOH (20:1) to yield compound 2 (35 mg, 56%) as a yellow powder, mp 205-207 
°C; 'H NMR (DMSO-rffi) 5 2.28 (s, 3H, Hla), 6.67 (s. IH, H3), 7.01 (s. IH, H8), 7.57 (m, 3H, 
H3. + H4' + H5'), 8.79 (m, 2H, H2' + H6'), 11-28 (s, IH, 70H), 12.97 (s, IH. 50H); MS 
(EI) m/z 312 [M]"", 270 (base). 

6,7-Diacetoxy-5-hydroxyflavone (3) and 5,6,7-Triacetoxyflavone (4). Baicalein 1 (216 mg, 
0.8 mmol) was dissolved in acetic anhydride (40 mL) and pyridine (12 mL), and the solution 
was stirred at room temperature for 48 h. The reaction mixture was poured into ice-water 
(100 mL), and the precipitate was collected by filtration and purified by flash 
chromatography on a column of silica gel eluted with CH2Cl2/MeOH (40:1) to give 
compounds 3 (72 mg, 25%) and 4 (220 mg, 69%) as a pale yellow powder, respectively. (3): 
mp 204-206 °C; 'H NMR (CDCI3) 5 2.36 (s, 6H, Hla + Hlb), 6.74 (s. IH, H3). 6.98 (s, IH, 
H8), 7.55 (m, 3H, H3' + H4' + H5'), 7.89 (m, 2H, H2' + H6'), 12.95 (s, IH. 50H); MS (EI) 
m/z 354 [Mf , 312, 270 (base). (4): mp 194-195 °C; 'HNMR (CDCI3) 5 2.36, 2.37, 2.46 
(each s, 9H, Hla, Hlb, Hlc), 6.67 (s. IH, H3), 7.52 (s, IH, H8), 7.54 (m, 3H, H3' + H4' + 
i H5'), 7.87 (m. 2H, H2' + H6'); MS (EI) mJz 396 [Mf , 354, 312, 270 (base). 

6-Acetoxy-5,7-dimethoxyflavone (5). To a stirred solution of 2 (25 mg, 0.08 mmol) in a 
mixture of MeOH (4 mL) and THF (8 mL) was added trimethylsilyldiazometliane 
(TMSCHN2, 2M in hexanes, 0.4 mL, 0.8 mmol). The reaction mixture was stirred at room 
20 temperature for 12 h, and then evaporated. Flash cliromatography of the residue, eluting with 
«-hexane/EtOAc (1:1), gave compound 5 (5 mg, 18%) as a pale yellow powder, mp 208-210 
"C; 'H NMR (CDCI3) 5 2.40 (s, 3H. Hla), 3.96 (s, 6H, Hlb + Hlc). 6.70 (s, IH, H3), 6.88 (s, 
IH. HS). 7.54 (m, 3H. H3' + H4' + H5'). 7.88 (m, 2H. H2' + H6'); MS (EI) m/z 340 [M]^ 
298, 280 (base). 

25 

5,6,7-Trimethoxyflavone (6). To a stirred solution of 1 (54 mg, 0.2 mmol) in a mixture of 
MeOH (6 mL) and THF (12 mL) was added TMSCHN2 (2M in hexanes, 1 .2 mL, 2.4 mmol). 
The reaction mixture was stirred at room temperature for 36 h, and evaporated. Flash 
chromatography of the residue, eluting with CHaCh/acelone (15:1), gave compound 6 (30 
30 mg, 48%) as a pale yellow powder, mp 164-165 °C; 'H NMR (CDQa) 6 3.90, 3.97. 3.99 
(each s, 9H, Hla, Hlb. Hlc). 6.67 (s, IH, H3). 6.81 (s, IH, H8), 7.50 (m. 3H. H3' + H4' + 
H5'), 7.86 (m, 2H, H2' + H60; MS (EI) m/z 312 [M]-", 297 (base). 
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6,7-Diacetoxy-5-methoxyflavone (7). To a stirred solution of 3 (25 mg, 0.07 imnol) in a 
mixture of MeOH (2 mL) and THF (4 mL) was added TMSCHN2 (2M in hexanes, 0.21 mL, 
0.42 mmol). The reaction mixture was stirred at room temperature for 12 h, and evaporated. 
Flash chromatography of the residue, eluting with CHiCh/acetone (30:1), gave compound 7 
5 (6 mg, 23%) as a pale yellow powder, mp 240-242 "C; 'H NMR (CDCI3) 5 2.3572.45 (each s, 
6H, Hla, Hlb), 3.95 (s, 3H, Hlc), 6.61 (s. IH. H3), 6.96 (s, IH, H8), 7.52 (m, 3H, H3' + H4' 
+ H5'), 7.85 (m, 2H, H2' + H6'); MS (EI) m/z 368 [M]"", 326, 284 (base). 

5-Hydroxy-6,7-dimethoxyflavone (8). To a stirred solution of 1 (54 mg, 0.2 mmol) in a 
1 0 mixture of MeOH (6 mL) and THF (12 mL) was added TMSCHN2 (2M in hexanes, 0.6 mL, 
1 .2 mmol). The reaction mixture was stirred at room temperature for 8 h, and evaporated. 
Flash chromatography of the residue, eluting with CHiCU/acetone (40:1 to 20:1), gave 
compound 8 (8 mg, 13%) as a pale yellow powder, mp 159-160 °C; 'H NMR (CDCI3) 5 3.94, 
3.99 (each s, 6H, Hla. Hlb), 6.59 (s, IH, H3), 6.70 (s, IH, H8), 7.55 (m, 3H, H3' + H4' + 
15 H5'), 7.89 (m, 2H, H2' + H6.'); MS (EI) m/z 298 ([Mf ,base), 283. 

6,7-Diacetoxy-5-(benzoxy)flavone (9) and 7-Acetoxy-6-(benzoxy)-5-hydroxyflavone (10). 
A mixture of 3 (21 mg, 0.06 mmol), benzyl bromide (0.03 mL), and anhydrous K2CO3 (26 
mg) in acetone (15 mL) was refluxed for 8 h with stirring. The reaction mixture was filtered, 

20 and tiie solvent was evaporated under reduced pressure. Flash chromatography of the residue, 
eluting with «-hexane/EtOAc (3:2), afforded compounds 9(18 mg, 68%) and 10 (8 mg, 33%) 
as a pale yellow powder, respectively. (9): mp 175-177 °C; 'H NMR (CDCI3) 6 2.32, 2.47 
(each s. 6H. Hla. Hlb). 5.22 (s, 2H, H7c), 6.61 (s, IH, H3), 7.02 (s, IH, H8), 7.42 (m, 5H, 
H2c + H3c + H4c + H5c + H6c), 7.52 (m. 3H, H3' + H4' + H5'), 7.84 (m, 2H. H2' + H6'); 

25 MS (EI) m/z 444 [Mf , 402, 360, 269 (base)." (10): mp 1 84-1 85 °C; 'h NMR (CDCI3) 6 2.37 
(s, 3H, Hlb). 5.22 (s, 2H, H7a). 6.64 (s, IH, H3). 6.70 (s. IH. H8), 7.42 (m, 5H, H2a + H3a + 
H4a + H5a + H6a), 7.55 (m, 3H, H3' + H4' + H5'), 7.88 (m, 2H. H2' + H6'). 13.00 (s, IH, 
50H); MS (EI) m/z 402 [Mf . 360, 269 (base). 

30 6,7-(DiphenylmethyIenedioxy)-5-methoxyflavone (13). A mixture of 1 (27 mg, 0. 1 mmol) 
and dichlorodiphenylmethane (0.02 mL, 0.1 mmol) was stirred under nitrogen at 170 °C for 1 
h. The reaction mixture was cooled to 30 °C and then dissolved in a minimum amount of 
CH2CI2. The crude product was purified by flash chromatography on a colunm of silica gel 



30 



wo 2005/075449 



PCT/US2005/002910 



eluted with CH2CI2 to yield compound 11 (35 mg, 81%). To a stirred solution of 11 (14 mg, 
0.03 mmol) in a mixture of MeOH (2 mL) and THF (4 mL) was added TMSCHN2 (2M in 
hexanes, 0.1 mL, 0.2 mmol). The reaction mixture was stirred at room temperature for 24 h, 
and then evaporated. Flash chromatography of the residue, eluting with CH2Cl2/MeOH 
5 (40:1), gave compound 13 (13 mg, 90%) as a pale yellow powder, mp 238-240 "C; 'll NMR 
(CDCI3) 5 4.24 (s, 3H, Hlc), 6.67 (s, IH, H3), 6.81 (s, IH, H8), 7.42 (m, 6H, H3a + H4a + 
H5a + H3b + H4b + H5b), 7.50 (m, 3H. H3' + H4' + H5'), 7.61 (m, 4H, H2a + H6a + H2b + 
H6b), 7.85 (m, 2H, H2' + H6'); MS (EI) m/z 448 [Mf , 402, 371. 266, 167 (base). 

10 5,6-Diacetoxy-7-(benzoxy)flavone (14). A mixture of 4 (34 mg, 0.086 namol), benzyl 
bromide (0.05 mL), KI (3.5 mg), and anhydrous K2CO3 (30 mg) in acetone (15 mL) was 
refluxed for 24 h with stirring. The reaction mixture was filtered, and the solvent was 
evaporated under reduced pressure. Flash chromatography of the residue, eluting with n- 
hexane/EtOAc (3:2), afforded compound 14 (20 mg, 52%) as a white solid, mp 174-175 "C; 

15 'H NMR (CDCI3) 5 2.27, 2.48 (each s, 6H, Hla, Hlc), 5.14 (s, 2H, H7b), 6.53 (s, IH, H3), 
6.97 (s, IH, H8), 7.38 (m, 5H, H2b + H3b + H4b + H5b + H6b), 7.47 (m, 3H, m, H3' + H4' 
+ H5'), 7.76 (m, 2H, H2' + H6'); MS (EI) m/z 444 [M]^, 402, 360, 269 (base). 

6-(Benzoxy)-5,7-dihydroxyflavone (15) and 6,7-(Dibenzoxy)-5-hydroxy-flavone (16). A 
20 mixture of 1 (54 mg, 0.2 mmol), benzyl bromide (0. 12 mL), and anhydrous K2CO3 (83 mg) 
in acetone (15 mL) was refluxed for 8 h with stirring. The reaction mixture was filtered, and 
the solvent was evaporated under reduced pressure. Flash chromatography of the residue, 
eluting with CH2Cl2/MeOH (100:1 to 50:1), afforded compound 15 (30 mg, 42%) as a yellow 
powder and compound 16 (24 mg, 27%) as a pale yellow powder. (15): mp 195-197 °C; ^H 

25 NMR (CDCI3) 5 5.27 (s, 2H. H7a), 6.67 (s, 2H, H3 + H8), 7.44 (m, 5H, H2a + H3a + H4a + 
H5a + H6a). 7.52 (m. 3H, H3' + H4' + H5'), 7.88 (m, 2H, H2' + H6'); MS(EI) m/z 360 [M^, 
269 (base). (16): mp 191-193 ''C; 'H NMR (CDCI3) 5 5.17, 5.19 (each s, 4H, H7a, H7b), 6.59 
(s, IH, H3). 6.69 (s, IH. H8), 7.30-7.55 (m. 13H, H3' + H4' + H5' + H2a + H3a + H4a + 
H5a + H6a + H2b + H3b + H4b + H5b + H6b). 7.87 (m. 2H. H2' + H6'); MS (EI) m/z 450 

30 [M]*, 359. 269. 91 (base). 

5,7-Dihydroxy-6-propoxyflavone (17) and S-Hydroxy-6,7-dipropoxyflavone (18). A 
mixture of 1 (54 mg, 0.2 nraiol), n-propyl iodide (0.06 mL), and anhydrous K2CO3 (110 mg) 
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in acetone (20 mL) was refluxed with stirring for 24 h. The reaction mixture was 
concentrated under reduced pressure, diluted with water (30 mL) and extracted with CH2CI2 
(3 X 30 mL). The extract was washed with water and dried over MgS04, and the solvent was 
evaporated in vacuo. The residue was purified by flash chromatography on a column of silica 

5 gel eluted with CHaCh/MeOH (70: 1 to 50: 1) to yield compounds 17 (7 mg, 1 1 %) and 18 (44 
mg, 62%) as a yellow powder, respectively. (17): mp 162-163 "C; 'HNMR (CDCI3) 8 1.11 
(t, 3H, H3a, J= 7.5 Hz), 1.95 (sextet. 2H, H2a, J = 7.5 Hz). 4.13 (t. 2H. Hla, 7= 7.5 Hz), 
6.62 (s, IH, H3), 6.69 (s, IH. H8). 7.54 (m, 3H, H3' + H4' + H5'), 7.90 (m, 2H, H2' + H6'); 
MS (EI) m/z 312 [M^, 297, 283, 270 (base). (18): mp 89-91 °C; 'HNMR (CDCI3) 5 1.07, 

10 1.11 (each t, 6H, H3a, H3b, 7= 7.5 Hz), 1.82, 1.92 (each sextet, 4H, H2a, H2b, J= 7.5 Hz), 
4.02, 4.05 (each t, 4H, Hla, Hlb, 7= 7.5 Hz), 6.54 (s, IH, H3), 6.66 (s, IH, H8), 7.53 (m, 
3H, H3' + H4' + H5'), 7.88 (m, 2H, H2' + H6'); MS (EI) nt/z 354 ([Mf , base), 325, 311, 
283. 270. 



1 5 5-Hydroxy-6,7-(methyIenedioxy)flavone (19). A mixture of 1 (8 1 mg, 0.3 mmol) and 

cesium carbonate (244 mg, 0.75 nimol) in DMF (5 mL) was stirred at room temperature for 
30 min. Bromochloromethane (0.05 mL, 0.75 mmol) was added to the DMF solution, and the 
mixture was stirred at 50 °C for 8 h then diluted with CH2CI2. The dichloromethane solution 
was washed with water and brine, dried over MgS04, filtered, and concentrated in vacuo. The 

20 residue was purified by flash chromatography on a column of silica gel eluted with 

CH2Cl2/MeOH (100:1 to 50:1) to give compound 19 (29 mg, 33%) as a pale yellow powder, 
mp 213-215 °C; 'HNMR (CDCI3) 5 6.12 (s, 2H, Hla), 6.61 (s, IH, H3), 6.70 (s, IH, H8), 
7.55 (m, 3H, H3' + H4' + H5'), 7.87 (m. 2H. H2' + H6'); MS (EI) m/z 282 ([Mf , base). 149. 

25 5-Methoxy-6,7-(methyleiiedioxy)flavone (20). To a stirred solution of 19 (17 mg, 0.06 
mmol) in a mixture of MeOH (3 mL) and THF (6 mL) was added TMSCHN2 (2M in 
hexanes, 0.3 mL, 0.6 mmol). The reaction mixture was stirred at room temperature for 24 h 
and evaporated. Flash chromatography of the residue, eluting with CH2Cl2/acetorie (30:1), 
afforded compound 20 (12 mg, 68%) as a white soUd. mp 202-204 °C: 'H NMR (CDOs) 5 

30 4.14 (s, 3H, Hlb), 6.08 (s, 2H, Hla), 6.71 (s, IH, H3), 6.75 (s. IH, H8), 7.51 (m, 3H, H3' + 
H4' + H5'), 7.86 (m, 2H, H2' + H6'); MS (EI) m/z 296 [Mf , 268 (base), 250. 
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5-Hydroxy-7-methoxy-6-propoxyflavone (21) and 5,7-Dimethoxy-6-propoxy-flavoiie 
(22). To a stirred solution of 17 (19 mg, 0.06 mmol) in a mixture of MeOH (4 mL) and THF 
(8 mL) was added TMSCHN2 (2M in hexanes, 0.2 mL, 0.4 mmol). The reaction mixture was 
stirred at room temperature for 24 h and evaporated. Flash chromatography of the residue, 
5 eluting with CHzClz/MeOH (30:1). gave compound 21 (4 mg, 20%) as a yellow powder and 
compound 22 (9.2 mg, 45%) as a pale yellow powder. (21): mp 1 12-1 13 °C; 'H NMR 
(CDCI3) 5 1.12 (t, 3H, H3a, 7=7.5 Hz), 1.95 (sextet, 2H. H2a, J= 7.5 Hz), 3.93 (s, 3H. 
Hlb), 4.09 (t, 2H. Hla. J= 7.5 Hz). 6.57 (s, IH, H3). 6.69 (s. IH, H8), 7.55 (m, 3H. H3' + 
H4' + H5'), 7.90 (m, 2H, H2' + H6'); MS (EI) m/z 326 ([M]-", base), 283, 269. (22): mp 135- 
10 136 °C; 'H NMR (CDCI3) 5 1.13 (t, 3H, H3a, J= 7.5 Hz), 1.96 (sextet, 2H, H2a, 7= 7.5 Hz). 

3.92, 4.01 (each s, 6H, Hlb, Hlc), 4.09 (t. 2H, Hla, 7= 7.5 Hz). 6.73 (s. IH. H3), 6.82 (s. 

IH. H8), 7.52 (m. 3H. H3' + H4' + H5'), 7.89 (m, 2H. H2' + H6'); MS (EI) m/z 340 [M]\ 

325 (base), 283. 

15 5-Methoxy-6,7-dipropoxyflavone (23). To a stirred solution of 18 (28 mg, 0.08 mmol) in a 
mixture of MeOH (4 mL) and THF (8 mL) was added TMSCHN2 (2M in hexanes, 0.32 mL, 
0.64 mmol). The reaction mixture was stirred at room temperature for 24 h and evaporated. 
Flash chromatography of the residue, eluting with CHiCb/acetone (15:1), gave compound 23 
(23 mg, 78%) as a pale yellow powder, mp 109-110°C; 'HNMR(CDCl3) 5 1.08, 1.12 (each 

20 t. 6H. H3a, H3b, 7= 7.5 Hz), 1.82, 1 .95 (each sextet. 4H, H2a, H2b, 7 = 7.5 Hz), 3.99 (s, 3H, 
Hlc), 4.00. 4.06 (each t. 4H, Hla, Hlb. 7= 7.5 Hz), 6.72 (s. IH, H3), 6.81 (s, IH. H8). 7.52 
(m, 3H. H3' + H4' + H5'), 7.89 (m, 2H, H2' + H6'); MS (EI) m/z 368 [Mf . 325 (base), 283. 

6,7-Diacetoxy-8-bromo-S-hydroxyflavone (24). A mixture of 4 (84 mg, 0.21 mmol) and N- 
25 bromosuccinimide (NBS. 56 mg, 0.32 mmol) in THF (8 mL) and cone. H2SO4 (10 p-L) was 
stirred at room temperature for 48 h. The reaction mixture was extracted with EtOAc, washed 
with 10% aqueous NaHS04 solution and water, dried over MgS04, and then concentrated in 
vacuo. The residue was recrystallized fiom MeOH to give compound 24 (50 mg, 55%) as a 
yellow powder, mp 244-246 "C; *H NMR (CDClj) 5 2.38, 2.44 (each s, 6H, Hla, Hlb), 6.82 
30 (s, IH, H3), 7.59 (m, 3H, H3' + H4' + H5'). 8.01 (m, 2H, H2' + H6'); MS (EI) m/z 434 
[M+2f , 432 {M\\ 390, 348 (base). 270, 269. 
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8-Bromo-5,6,7-trihydroxyflavone (25). A mixture of 1 (35 mg, 0,13 ininol) and NBS (33 
mg, 0.19 mmol) in THF (4 mL) and cone. H2SO4 (5 ]xL) was stirred at room temperature for 
12 h. The reaction mixture was extracted with EtOAc, washed with 10% aqueous NaHS04 
solution and water, dried over MgS04, and then concentrated in vacuo. The residue was 
5 recrystallized from MeOH to give compound 25 (26 mg, 57%) as a yellow powder, mp 263- 
265 "C; NMR (DMSO-rfc) 5 7.07 (s, IH, H3), 7.59 (m, 3H, H3' + H4* + H5'), 8.12 (m, 
2H, H2' + H6'), 9.58, 10.92, 12.76 (each s, 3H, 50H, 60H, 70H); MS (EI) m/z 350 [M+2]^, 
348 ([M]^, base), 270. 

10 6-Ethoxy-5,7-dihydroxyflavone (32) and 6,7-Diethoxy-5-hydroxyflavone (33). A mixture 
of 1 (81 mg, 0.3 mmol), ethyl iodide (0.07 mL), and anhydrous K2CO3 (166 mg) in acetone 
(25 mL) was refluxed with stirring for 18 h. The reaction mixture was concentrated under 
reduced pressure, diluted with water (50 mL) and extracted with CH2CI2 (50 mL x 3). The 
extract was washed with water, dried over MgS04 and the solvent evaporated in vacuo. The 

15 residue was purified by flash chromatography on a column of silica gel and eluted with 

CH2Cl2/MeOH (50:1) to give compounds 32 (30 mg, 34%) and 33 (12 mg, 12%) as a yellow 
powder, respectively. (32): mp 190-192 ^C; NMR (CDCI3) 5 1.55 (t, 3H, H2a, J= 6.9 Hz), 
4.23 (q, 2H, Hla, J= 6.9 Hz), 6.60 (s, IH, H3), 6.68 (s, IH, H8), 7.53 (m, 3H, H3' + H4' + 
H5'), 7.89 (m, 2H, H2' + H6'), 12.50 (s, IH, 50H); MS (EI) m/z 298 ([Mf , base), 283, 270, 

20 269, 254. (33): mp 132-133 °C; ^HNMR (CDCI3) 5 1.41, 1.53 (each t, 6H, H2a, H2b, J= 7.2 
Hz), 4.13, 4.19 (each q, 4H, Hla, Hlb, J= 7.2 Hz), 6.55 (s, IH, H3), 6.67 (s, IH, H8), 7.54 
(m, 3H, H3' + H4' +H5'), 7.89 (m, 2H, H2' + H6'), 12.65 (s, IH, 50H); MS (EI) m/z 326 
[Mf , 311, 297 (base), 269. 

25 5-Hydroxy-6,7-(dioctyloxy)flavone (34). A mixture of 1 (81 mg, 0.3 mmol), 1-iodooctane 
(0.16 mL), and anhydrous K2CO3 (166 mg) in acetone (25 mL) was refluxed with stirring for 
30 h. The reaction mixture was concentrated under reduced pressure, diluted with water (50 
mL) and extracted with CH2CI2 (50 mL x 3). The extract was washed with water and dried 
over MgS04, and the solvent was evaporated in vacuo. The residue was purified by flash 

30 chromatography on a column of silica gel and eluted with CH2Cl2/MeOH (100: 1 to 50: 1) to 
give compound 34 (122 mg, 82%) as a pale yellow powder, mp 85-86 **C; ^H NMR (CDCI3) 
8 0.89, 0.90 (each t, 6H, H8a, HSb, / = 6.9 Hz), 1.31-1.52 (m, 20H, H3a + H4a + H5a + H6a 
+ H7a + H3b + H4b + H5b + H6b + H7b), 1.79, 1.89 (each t, 4H, H2a, H2b, J= 6.9 Hz), 
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4.03, 4.07 (each t, 4H, Hla, Hlb, 7= 6.9 Hz), 6.53 (s, IH, H3), 6.64 (s. IH, H8), 7.51 (m. 
3H. H3' + H4' + H5'), 7.86 (m, 2H. H2' + H6'), 12.45 (s, IH, 50H); MS (EI) m/z 494 [Mf , 
382, 270 (base). 

6-Ethoxy-5-hydroxy-7-metlioxyflavone (38). To a stiired solution of 32 (10 mg, 0.034 
mmol) in a mixture of MeOH (3 mL) and THF (6 mL) was added TMSCHNj (2M in 
liexanes, 0.02 mL, 0.04 mmol). The reaction mixture was stirred at room temperature for 24 h 
and evaporated. Flash chromatography of the residue, eluting with CHaCh/MeOH (50:1), 
afforded compound 38 (7.4 mg, 70%) as a pale yellow powder, mp 133-134 °C; 'H NMR 
(CDCI3) 5 1.55 (t, 3H, H2a, J= 6.9 Hz), 3.93 (s, 3H, Hlb), 4.21 (q, 2H, Hla, J= 6.9 Hz). 
6.57 (s, IH, H3), 6.69 (s, IH, H8), 7.56 (m, 3H, H3' + H4' + H5'), 7.90 (m. 2H. H2' + H6'). 
12.68 (s, IH, 50H); MS (EI) m/z 312 ([M]", base), 283. 

5-Hydroxy-6,7-(dipentyloxy)flavone (40). A mixture of 1 (51 mg, 0.19 mmol), 1- 
15 iodopentane (0.076 mL), and anhydrous K2CO3 (110 mg) in acetone (20 mL) was refluxed 
with stirring for 24 h. The reaction mixture was concentrated under reduced pressure, diluted 
with water (40 mL) and extracted with CH2CI2 (40 mL x 3). The extract was washed with 
water and dried over MgS04 and tlie solvent evaporated in vacuo. The residue was purified 
by flash chromatography on a column of silica gel and eluted with CHzCh/MeOH (60: 1) to 
20 give compound 40 (68 mg, 87%) as a pale yellow powder, mp 1 1 1-1 12 °C; 'H NMR (CDCI3) 
5 0.94, 0.97 (each t, 6H, H5a, H5b, J = 6.6 Hz). 1 .39-1 .52 (m, 8H, H3a + H4a + H3b + H4b), 
1.81. 1.91 (each quintet. 4H, H2a, H2b, 7= 6.6 Hz), 4.05, 4.09 (each t, 4H, Hla, Hlb, J= 6.6 
Hz).'6.56 (s, IH. H3), 6.68 (s, IH, H8). 7.54 (m, 3H, H3' + H4' + H5'). 7.90 (m. 2H. H2' + 
H6'); MS (EI) m/z 410 [M]"". 



25 



30 



5-Methoxy-6,7-(dipentyloxy)flavone (41). To a stirred solution of 40 (33 mg, 0.08 mmol) in 
a mixture of MeOH (4 mL) and THF (8 mL) was added TMSCHNz (2M in hexanes, 0.32 
mL, 0.64 mmol). The reaction mixture was stirred at room temperature for 24 h and 
evaporated. Flash chromatography of the residue, eluting with CHzCh/acetone (20:1), gave 
compound 41 (32.6 mg, 98%) as a white solid, mp 107-108 °C; 'H NMR (CDCI3) 5 0.95, 
0.97 (each t, 6H, HSa. H5b, J= 6.6 Hz), 1.39-1.54 (m, 8H, H3a + H4a + H3b + H4b), 1.81, 
1.93 (each quintet, 4H. H2a. H2b. /= 6.6 Hz). 3.99 (s. 3H. Hlc). 4.03, 4.10 (each t. 4H. Hla. 
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Hlb. y = 6.6 Hz). 6.78 (s, IH, H3). 6.81 (s. IH, H8), 7.53 (m. 3H, H3' + H4' + H5'), 7.90 (m, 
2H, H2' + H6'); MS (EI) m/z 424 [Mf . 

6,7-(Dihexyloxy)-5-hydroxyflavone (42). A mixture of 1 (54 mg, 0.2 mmol), 1- 
bromohexane (0.084 mL). and anhydrous K2CO3 (1 10 mg) in acetone (20 mL) was refluxed 
with stirring for 24 h. The reaction mixture was concentrated under reduced pressure, diluted 
with water (40 mL) and extracted with CH2CI2 (40mL x 3). The extract was washed with 
water and dried over MgS04 and the solvent evaporated in vacuo. The residue was purified 
by flash chromatography on a column of silica gel and eluted with CHaCh/MeOH (60: 1) to 
give compound 42 (71.4 mg, 82%) as a pale yellow powder, mp 96-97 °C; 'H NMR (CDCI3) 
8 0.92, 0.93 (each t, 6H, H6a, H6b, 7= 6.6 Hz), 1.32-1.41 (m, 8H. H4a + H5a + H4b + H5b), 
1.48-1.53 (m, 4H,H3a + H3b), 1.80, 1.90 (each quintet, 4H. H2a,H2b, 7= 6.6 Hz), 4.05, 
4.09 (each t. 4H, Hla, Hlb, J= 6.6 Hz), 6.56 (s, IH, H3), 6.68 (s, IH, H8), 7.54 (m. 3H, H3' 
+ H4' + H5'), 7.90 (m, 2H, H2' + H6'); MS (EI) m/z 438 [M]"". 

6,7-(Dihexyloxy)-5-methoxyflavone (43). To a stirred solution of 42 (47 mg, 0.1 mmol) in a 

15 mixture of MeOH (4 mL) and THE (8 mL) was added TMSCHN2 (2M in hexanes, 0.4 mL, 
0.8 mmol). The reaction mbchire was stirred at room temperature for 24 h and evaporated. 
Flash cliromatography of the residue, eluting with CH2Cl2/acetone (15:1), gave compound 43 
(41 mg, 91%) as a white solid, mp 93-95 °C; 'H NMR (CDCI3) 5 0.92, 0.94 (each t, 6H, H6a, 
H6b, J= 6.6 Hz), 1 .30-1.41 (m, 8H, H4a + H5a + H4b + H5b), 1 .51-1 .55 (m, 4H, H3a + 

20 H3b). 1.80, 1.92 (each quintet, 4H, H2a, H2b, J= 6.6 Hz), 3.99 (s, 3H, Hlc), 4.03, 4.10 (each 
t. 4H. Hla, Hlb, J= 6.6 Hz), 6.76 (s, IH, H3), 6.81 (s, IH. H8), 7.52 (m, 3H, H3' + H4' -•- 
H5'). 7.90 (m, 2H, H2' + H6'); MS (El) m/z 452 [M]^. 

6,7-Diethoxy-5-methoxyflavone (44). To a stirred solution of 33 (33 mg, 0.1 mmol) in a 
mixture of MeOH (4 mL) and THE (8 mL) was added TMSCHN2 (2M in hexanes, 0.4 mL, 

25 0.8 mmol). The reaction mixture was stirred at room temperature for 24 h and evaporated. 
Flash chromatography of the residue, eluting with CH2Cl2/acetone (10:1 to 5:1), afforded 
compound 44 (33.8 mg, 99%) as a white solid, mp 126-128 °C; ^H NMR (CDCI3) 5 1 .42, 
1.55 (each t. 6H. H2a. H2b. 7= 6.9 Hz), 4.00 (s. 3H, Hlc), 4.13, 4.19 (each q, 4H, Hla, Hlb, 
7= 6.9 Hz). 6.77 (s, IH. H3). 6.81 (s. IH, H8). 7.52 (m. 3H. H3' + H4' + H5'). 7.90 (m. 2H, 

30 H2' + H6'); MS (EI) m/z 340 [Mf. 

6,7-Dibutoxy-5-hydroxynavone (45). A mixture of 1 (81 mg, 0.3 mmol). 1-iodobutane (0.1 
mL). and anhydrous K2CO3 (165 mg) in acetone (20 mL) was refluxed with stirring for 24 h. 
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The reaction mixture was concentrated under reduced pressure, diluted with water (50 mL) 
and extracted with CH2CI2 (3 x 50 mL). The extract was washed with water and dried over 
MgS04, and the solvent was evaporated in vacuo. The residue was purified by flash 
chromatography on a column of silica gel eluted with CHzCU/MeOH (60:1) to give 
compound 45 (86 mg, 75%) as a yellow powder, mp 1 16-1 17 °C; 'H NMR (CDCU) 5 0.99. 
1.02 (each t, 6H, H4a, H4b, 7= 6.6 Hz), 1.53-1.58 (m, 4H, H3a + H3b), 1.79, 1.89 (each 
quintet, 4H, H2a, H2b, J= 6.6 Hz), 4.06, 4.10 (each t, 4H, Hla, Hlb, J= 6.6 Hz), 6.56 (s, 
IH, H3). 6.68 (s, IH, H8), 7.54 (m, 3H, H3' + H4' + H5'). 7.90 (m, 2H, H2' + H6'); MS (EI) 
m/z 382 [M]*. 

6,7-Dibutoxy-5-methoxyflavone (46). To a stirred solution of 45 (49 mg, 0.128 nrniol) in a 
mixture of MeOH (5 mL) and THF (10 mL) was added TMSCHN2 (2M in hexanes. 0.5 mL, 
1 mmol). The reaction mixture was stirred at room temperature for 24 h, and then evaporated. 
Flash chromatography of the residue, eluting with CHiCh/acetone (15:1), gave compound 46 
(46 mg, 91%) as a white solid, mp 103-105 °C; 'H NMR (CDCI3) 6 0.99, 1 .03 (each t, 6H, 
H4a, H4b, J= 6.6 Hz), 1.55-1.59 (m, 4H, H3a + H3b), 1.78, 1.91 (each quintet. 4H, H2a, 
H2b, 7= 6.6 Hz), 3.99 (s, 3H, Hlc), 4.04, 4.11 (each t, 4H, Hla, Hlb, J= 6.6 Hz). 6.81 (s. 
IH, H3), 6.82 (s, IH, H8). 7.53 (m. 3H, H3' + H4' + H5'), 7.90 (m, 2H, H2' + H6'); MS (EI) 
jn/z 396 [M]"". 
20 

Biological Experiments 

Vinblastine uptake by the KB/MDR cells. KB/MDR cells," which overexpress 
human P-gp 170 protein, were seeded into 24-well tissue culture plates in RPMI 1640 

25 medium plus 10% fetal bovine serum for 24 hours without the selecting agent doxorubicin 

(37 nM). The cells were flien treated with [^H]vinblastine plus synthetic flavones in HBSS for 
60 minutes. The cells were washed twice with ice-cold PBS, harvested with 1 N NaOH, 
neutralized with 1 N HCl. The cell aliquots were transferred to scintillation vials and counted 
with a 7-counter (Beckman, model LS 5000) after adding 10 mL scintillation fluids 

30 (SafeScint, American Bioanalytical Co., Natick, MA). Data presented are the mean of three 
independent experiments. 
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Growth Inhibitory Assay: Approximately 10* KB or KB/MDR cells were seeded into 
24-well tissue culture plates in RPMI 1 640 medium plus 10% fetal bovine serum for 24 
hours, after which the cells were treated with various concentrations of synthetic flavones in 
culture medium for 3 days. The cells were then fixed and stained with methylene blue in 50% 

5 MeOH, washed thoroughly with tap water, and dissolved with O.SmL 0.5% sarcosyl.^' The 
amount of cellular protein, which is proportional to the cell number, is estimated by the 
absorption (ODsgsnm). The growth inhibitory assay, which is presented as an IC50 value, 
represents the concentration of compound required to inhibit 50% of cell growth. The cell 
doubling time of KB and KB/MDR cells is about 20 to 24 hours. The data presented are the 

1 0 mean of three independent experiments. 

It is to be understood by those skilled in the art that the foregoing description and 
examples are illustrative of practicing the present invention, but are in no way limiting. 
Variations of the detail presented herein may be made without departing fi»m the spirit and 
1 5 scope of the present invention as defined by the following claims. 
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